armor as responsible for saving the lives of over 1,500 officers in recent years (NIJ 1994) .
Technology also holds the promise of making the lives of citizens safer in police-citizen encounters; or, at least many police spokespersons are convinced that less-than-lethal weapons have the potential of considerably reducing the number of citizens who are killed by the police (Hayeslip and Preszler 1993; NIJ 1994; Stewart 1988; Sweetman 1987) . Over the last 24 years, the NIJ sponsored two national conferences on the development and use ofless-than-lethal weapons (Security Planning Corporation 1972; Sweetman 1987) . In 1991 there was a small, high-level conference where selected academic and law enforcement leaders were assembled to chart the next round ofNIJ research on less-than-lethal weapons (Nulton 1991 ) . In addition, NIJ recently awarded a dozen grants totaling more than $2 million to develop new less-than-lethal technologies (NIJ 1995a) . This type of research remains an agency priority for 1995 -1996 funding (NIJ 1995b .
It seems plausible that iflaw enforcement personnel are equipped properly with less-than-lethal weapons, a saving of citizen lives would occur. Lessthan-lethal weapons should be especially effective in (1) taking "difficult" suspects into custody, (2) responding to combatants with a weapon other than a firearm, (3) responding to many types of hostage situations, (4) transporting and managing difficult prisoners, and (5) responding to group disorders and riots.
Less-than-lethal weapons are not new in law enforcement. From the earliest days of organized policing, officers have been provided with various impact weapons (Peak 1990 ). In addition, police tactical units long have been equipped with devices such as tear gas, water cannons, and rubber bullets. The current interest is in making available hand-held, less-than-lethal devices to assist officers so that situations will not result in serious injury to suspects, or the police.
Without question, it would be desirable to equip police with less-thanlethal weapons that are effective, and to explore new devices that will make law enforcement less lethal. However, before making additional investments in existing devices and in new technologies, the question must be asked: How effective are the less-than-lethal weapons currently in use? For example, for well over a decade hand-held chemical and electrical devices have been used by police across the country. Is there any systematic evidence that the introduction of this technology has resulted in a decrease in the rate of police-citizen killings? The author's survey of the literature failed to identify any empirical study that assessed this question.
Neither have researchers examined the relationship between the availability of less-than-lethal weapons and police-citizen homicide rates crosssectionally for law enforcement agencies. The 1990 Law Enforcement Management and Administrative Statistics survey (LEMAS) data show that impact weapons such as batons are authorized for use by 77% of municipal agencies, 78% of county sheriffs, and 65% of the state police (Bureau of Justice Statistics 1992). A somewhat smaller proportion of the three types of agencies authorize the use of less-than-lethal chemical agents (70%, 69%, and 61%, respectively). Notably, only a minority of agencies authorize the use of electrical (22%, 34% and 4%) and restraining devices (20%, 26%, and 25%). Although informative, these figures do not reveal whether communities that equip police with one or more types of less-than-lethal weapons are successful in reducing police-citizen killings. For example, for the 380 municipal police departments involved in the 1990 LEMAS survey, were police killing rates lower in jurisdictions that authorized the use of chemical agents (70%, n = 266) compared with cities that did not (30%, n = 114)? The same question can be raised about the other types of less-than-lethal devices.
In sum, based on the "common wisdom" of law enforcement authorities, it can be hypothesized that police-citizen killing rates should be lower for communities where officers are equipped with less-than-lethal weapons (Hayeslip and Preszler 1993; Sweetman 1987) . Such killings should be lower yet in communities that authorize the use of a broad range of less-than-lethal devices. Despite this "common wisdom," it is unknown (1) whether lessthan-lethal weapons in general are more effective than traditional weapons (firearms) in reducing police-citizen killings, (2) which types ofless-than-lethal weapons are more or less effective in reducing police-citizen killings (Sweetman 1987) , and (3) which new technologies hold the greatest promise of reducing citizen killings (Nulton 1991) . The research reported here is a step toward answering these questions.
METHODOLOGY
Drawing upon data for large U.S. cities for 1990, this study examines the relationship between (1) the availability of various types of less-than-lethal weapons and (2) rates of police-citizen killings for the public in general and for Whites and Blacks in particular. Bivariate and multivariate techniques are used to assess the effects of the availability of non-lethal devices on justifiable homicides by police.
Jurisdictions
To explore the effectiveness of less-than-lethal weapons, municipal law enforcement agencies serving U.S. cities with a 1990 population of at least 100,000 persons are considered. The year 1990 is selected because of the availability ofLEMAS data on less-than-lethal weapons. Also, since 1990 is a census year, sociodemographic data are available for control variable purposes. The analysis is restricted to municipal agencies that serve large communities because a disproportionate number of police-citizen killings occur in these cities. At the same time, the level of police-homicides varies considerably from one city to another.
Police Killings: The Dependent Variable
In principle, the task ofdeveloping an acceptable measure ofpolice killing rates is quite manageable. However, operationally the available data pose various problems. Ideally, what is required for a sample of jurisdictions are accurate counts ofjustifiable homicides to serve as the numerator of the rate, and accurate counts of the number of police-citizen encounters where a citizen death is a possibility to serve as the denominator. Unfortunately, available data for forming both the numerator and denominator for police killing rates have important limitations.
The Numerator: Police Killings
There are two sources of national data on the number of citizens who die each year due to legal intervention, including police-citizen killings. First is the national death registry system of the National Center for Health Statistics (NCHS). The center maintains records furnished by medical examiners from across the United States for "deaths by legal intervention." These figures are published in the annual series, Vital Statistics of the United States. Unfortunately, NCHS figures are not adequate for the present study due to missing data. As Sherman and Langworthy (1979) The Supplementary Homicide Reports (SHR) is the second source of national data on police-citizen killings. This is a voluntary nationwide program where individual law enforcement agencies or state-level coordinating authorities provide to the FBI data on victim, offender, and circumstance for cases of (1) murder and nonnegligent manslaughter, (2) manslaughter by negligence, and (3) justifiable homicide. The FBI defines police-involved justifiable homicide as "the killing of a [suspected] felon by a peace officer in the line ofduty" (1984, p. 6) . For the purpose of this study, there are two problems with the SHR data. First, the FBI compiles only data for police killings involving suspected felons. Police-citizen killings resulting from lesser crimes that might also be considered ''justifiable" are not available.
Second, there is a concern about the completeness of the SHR data. Almost all major law enforcement agencies participate in the SHR program. However, not all homicides that come to the attention of the police are reported. For example, for cities with a 1990 population of 100,000 or more, the 1990 UCR reports a total of 13,620 murders and nonnegligent manslaughters. For the same cities, the number of criminal homicides included in the SHR is 12,174. This gap of904 killings is not surprising. Homicide counts are much easier to compile for UCR reporting purposes than are the more detailed data called for by the SHR. Despite the gap between UCR and SHR figures, for large cities, the correlation between the SHR and UCR homicide counts is .986. This strong correspondence suggests that SHR figures for homicides (police or citizen) are reasonably representative across cities.
This view is supported by Sherman and Langworthy's (1979) detailed analysis of the strengths and weaknesses of various sources of justifiable homicide data, including those offered by the police and the NCHS. They conclude that although neither NCHS nor police data provide a totally accurate picture of justifiable homicides, police figures are preferable.
The present analysis relies upon SHR justifiable homicide data in computing police killing rates. For each city, an overall rate ofjustifiable homicide is computed, along with race-specific rates for White and Black citizens. There has been considerable debate in the literature about the "racial aspects" of police-citizen killings, including claims that the police have one trigger finger for Whites and quite another for Blacks (Takagi 1974) . Race-specific rates are examined to determine if the suggested payoff of less-than-lethal weapons varies by race.
Previous research has shown that the number of police-citizen killings varies from year to year. To control for random fluctuations, the numerator in the rate measures is the 3-year (1989-1991) average number of policecitizen killings. Notably, the correlation between the 3-year mean and annual justifiable homicide counts is very high (r = .93 to .97). This suggests that random factors such as haphazard record keeping are not a serious concern with the SHRjustifiab1e homicide data for the 1990 period.
The Denominator Issue
An ideal measure of police-citizen killings would have as its denominator the number of police-citizen encounters where a citizen death is a genuine possibility. Unfortunately, there are no data on the volume of potentially lethal police-citizen encounters. Faced with this problem, previous researchers have relied upon various proxy variables. The most common approach has been to standardize the number of citizens killed by the police by the number of citizens residing in the jurisdiction. Alternatively, some investigators have used arrest figures as the denominator in computing police killing rates. Here, rates are defined as the ratio of the number of citizens killed by the police to the number of citizens arrested by the police per 1,000 arrests. The rationale for arrest-based measures is that the level of arrests provides a reasonable indicator of the level of potentially lethal police-citizen encounters.
Both types of measures are employed here. First, police-citizen homicide victimization rates are computed as the number oftotal police-citizen killings per 100,000 total population. Rates for White and Black citizens also are computed per 100,000 White and Black persons, respectively. Second, arrest-based rates are formed for the total number of police-citizen killings per 100,000 citizen arrests. White and Black rates are computed per 100,000 White or Black citizen arrests. Unpublished city-level arrest figures were secured from the FBI.
Less-than-Lethal-Weapons: The Independent Variable
Police departments included in the 1990 LEMAS survey were asked to indicate if they authorized the use of (1) electrical, (2) chemical, (3) impact, (4) restraint, or (5) "other" types of less-than-lethal devices. Of the 187 municipal police departments serving a population of 100,000 or more, data were provided by 178 (95% )jurisdictions. A majority of departments (77%) authorized the use of less-than-lethal impact weapons. Fewer departments made available electrical (28% ), chemical (71% ), and restraining (26%) devices. Only 13 departments (6.6%) reported the use of other (unspecified) types of less-than-lethal weapons. (This unspecified category of weapons is not considered in this analysis.) In examining police-citizen killings, each type of less-than-lethal weapon is treated as a dummy variable: 1 =yes, the type of weapon is· available; 0 = no, the weapon is not available to police in the jurisdiction. In addition, the analysis explores whether the availability of multiple types of weapons is associated with lower police killing rates.
Control Variables
Previous research suggests that the rate of police-citizen killing may be influenced by law enforcement and community-level variables. Relevant law enforcement factors include (1) the psychological screening of police applicants, (2) the amount of academy and field training required of recruits, (3) specific "shoot-don't shoot" training, and (4) human relations and cultural sensitivity training. At the community level, investigators have suggested that many of the sociodemographic factors that contribute to general homicides also influence the level of lethal assaults by the police against citizens (Sherman and Langworthy 1979) .
To isolate the effect of less-than-lethal weapons, two law enforcement control variables are included in the analysis: the number ofhours ofacademy training required of police recruits and the number of hours of field supervision required of academy graduates. For the cities under consideration, required class hours ranged from 40 to 1 ,400. Field supervision hours ranged from 0 to 4,160. Academy and field training data are drawn from the 1990 LEMAS survey.
The analysis does not include more direct measures of the impact ofpolice training and procedures on police-citizen killings, such as whether departments have a written policy governing the use of deadly force, whether there is a required "shoot-don't shoot" training program, or the amount and type of less-than-lethal weapons training that a department requires. First, the LEMAS <;lata show that virtually all large police departments have written policies governing the use of deadly force. Second, the LEMAS data do not indicate the type of firearm and less-than-lethal weapons training required of police.
Regarding community factors, studies spanning a number of years have reported that urban homicide rates are positively related to population size, percent Black population, percent poverty, the unemployment rate, the level of economic inequality, and the level of community disorganization as measured by the divorce rate. As noted, it has been speculated that such factors may also influence the level of lethal assaults by and against the police. Thus to better isolate the impact ofless-than-lethal weapons on police killings, measures of these factors are included as control variables in multivariate analyses.
Multicollinearity
In multivariate analyses, there is always the risk that two or more predictor variables may be too highly associated to produce accurate (efficient) regression estimates for the collinear predictor(s). In this analysis, collinearity is not a problem for the variables of primary interest. Table 1 presents descriptive statistics and a correlation matrix for the less-than-lethal and control variables. The table shows very slight zero-order correlations among the different types of less-than-lethal weapons variables (r = 0 to .23). The zero-order correlations between the weapons and control variables are all also weapons and police killings is explored in a series of multivariate analyses. The impact of each type of less-than-lethal weapon is examined for total citizen killings (Tables 3 and 4) , killings of Whites (see Table 5 ), and killings of Blacks (see Table 6 ). In structuring the analysis, the sociodemographic and law enforcement variables are first considered, followed by the introduction, one at a time, of each type of less-than-lethal weapon. Finally, a summary variable indicating the total number of less-than-lethal weapons available to the police (a range of 0 to 4, x=2.1) is introduced. Table 3 presents the analysis ofrates of total police killings where the total population is the denominator. The results provide no indication that any of the four types of less-than-lethal weapons influence the rate of total policecitizen killings. The coefficients for the weapon variables are mixed in sign, slight in magnitude, and not statistically significant. In addition, in combination the less-than-lethal weapons do not significantly influence police killings rates.
TOTAL POLICE KILLINGS
Regarding non-weapon variables, the number of hours of police academy training is not associated significantly with rates, but the hours of required field supervision for rookie police officers is associated positively and significantly with police killings (b =.009). The tradeoff is slight, but for reasons that are not clear, rates of citizen killings are higher for jurisdictions where police recruits receive more (not less) field supervision. Three of the sociodemographic variables also are associated positively and significantly with police killings: percent Black population, the divorce rate, and the employment rate. The tradeoffs are slight, but higher levels for each of these factors are associated with higher levels of police killings. Contrary to expectations, poverty has a significant negative association with rates for each type of police killing.
A similar pattern is apparent in Table 4 where police killing rates are based on total citizen arrests. The same sociodemographic factors are associated significantly with police killings. And again, there is a slight positive, but significant, association between rates and the number of hours of field supervision required of rookie officers.
Of central importance here is that the results provide no indication that less-than-lethal weapons reduce police-citizen killings. The availability of chemical agents and restraining devices is associated with lower rates, whereas the availability of impact weapons and electrical devices is associated with higher rates. However, in no case does the association reach statistical significance. Similarly, there is merely a chance association (b = .202) between rates and the total number of available less-than-lethal weapons. Not unexpectedly, the respective coefficients for the less-than-lethal weapon variables are larger in Table 4 than in Table 3 . Recall that police killing rates are higher (Table 1) when normed by the number of arrests compared with the size of the general population (x = 4.09 versus i = .28).
The goodness of fit of each of the models presented in Tables 3 and 4 also is rather poor (R 2 =.127 to .300). One possible explanation is that police killing measures based on the total population are inadequate because they do not take into account the fact that not all groups are equally subject to being victims ofjustifiable homicide. For this sample ofcities, the mean rates for the ratio of total persons killed by the police to total citizens, and to total arrests are .28 and 4.09, respectively. However, for Whites the comparable figures are .25 and 5.19, and forBlacks they are .40 and 3.51. Thus for 1989-1991, Blacks experienced a 63% higher rate of police killings than would be expected based on their share of the total population. However, the average arrest-based police killing rate is 48% higher for Whites than for Blacks. In short, because of aggregation bias, overall police killing rates do not properly reflect the experience of either Whites or Blacks. The race-specific analyses that follow recognize and address this concern. 
POLICE KILLINGS OF WHITES
The analysis of killings involving White citizens per 100,000 White population is reported in Table 5 . As with total killings, the results provide no indication that rates of justifiable homicide involving Whites are associated significantly with the availability of impact, chemical, or restraining devices. However, contrary to expectations, there is a slight (b =.140, p < .05), but statistically significant, positive relationship between the availability of electrical weapons and White justifiable homicides. This pattern is consistent with the results reported in Table 2 , which show that rates are significantly higher for jurisdictions that authorize (x = .357) versus those that do not authorize (x =.189) the use of electrical devices. 2 Also consistent with findings for total police killings, the divorce and unemployment rates are associated significantly and positively with White justifiable homicides for each model. Also like total killings, the overall goodness of fit for White killings is low (R 2 =.151 to .189). Extending the analysis to consider rates based on the ratio of White police-citizen killings to White arrests does not alter the results. None ofthe less-than-lethal weapon variables is associated significantly with rates. Due to space constraints, these null findings are not presented in tabular form. Table 6 reports the analysis where the dependent variable is the rate of police killings of Blacks per 100,000 Black population. Once again, the results provide no indication that less-than-lethal weapons influence justifiable homicides. There are negative but chance-only relationships between rates and the availability of chemical agents (b =-.078) and restraining devices (b = --'.045). The relationships between rates and the availability of impact and electrical devices are positive but nonsignificant. The unemployment rate and level of income inequality are associated positively and significantly with justifiable homicide rates for Blacks; poverty has a significant negative impact on such killings. Finally, in combination, the predictor and control variables are also associated only slightly with Black police killing rates (R 2 =.128 to .142).
The pattern of results does not change when rates based on the ratio of Black killings to Black arrests are considered. The coefficients for the less-than-lethal weapons variables, whether positive or negative, are very slight, and do not achieve statistical significance. 
CONCLUSION
The above analyses do not support the hypothesis that the availability of less-than-lethal weapons reduces rates ofjustifiable homicides in general, or for Blacks or Whites. To the contrary, the findings show overwhelmingly negligible results, thus suggesting that despite the high hopes of many law enforcement authorities, less-than-lethal weapons simply do not provide an improvement over "business as usual" in preventing police-citizen killings. Before drawing this conclusion, however, a few matters should be addressed.
Adequacy ofSHR Data
First, how much confidence should be placed in the FBI data that have been used to compute justifiable homicide rates? Clearly, SHR data are flawed to some extent. However, it seems unlikely that the degree of bias is extreme enough to account for the null results reported above if, in fact, less-than-lethal weapons are effective in reducing police-citizen killings. It is hard to imagine a source of systematic bias in city-level SHR data that would reduce, to merely a chance level, the observed negative relationship between every type of less-than-lethal weapon and every measure of policecitizen killings.
Adequacy ofLEMAS Data
It is also possible that the findings are due at least in part to the limitations of the LEMAS data. Police agencies were asked to respond (yes or no) to whether they made available impact, electrical, chemical, restraining or "other" less-than-lethal weapons. However, the responses to these questions do not inform us about the variety of different types of less-than-lethal weapons that fall within each of these broad categories. For example, it is possible that certain types of impact devices are very effective, but others are no more effective than firearms in preventing citizen deaths.
A yes response is also ambiguous in that it does not make clear whether all field personnel are equipped with particular types of less-than-lethal devices. Clearly, patrol officers are not regularly equipped with water cannons, flash bombs, and the like. However, it is not clear whether the majority of officers actually are equipped with the type of less-than-lethal weapons included in the 1990 LEMAS survey.
Killings versus Police-Citizen Assaults
Finally, the type of dependent variables examined may help to account for the negligible results. The analysis considered killings because ofthe promise of less-than-lethal weapons in reducing citizen deaths. However, whether a police-citizen confrontation results in a death depends on a number of factors beyond the availability ofless-than-lethal weapons. Indeed, most often police use of a firearm does not result in a citizen being killed. With most firearm discharges, the police miss their mark; even when there is a hit, the person shot generally does not die.
These facts suggest that the number of persons shot at or wounded by the police, rather than simply police killings, might be important criterion variables for future study. Unfortunately, no systematic data are available for a reasonable cross-section of cities on weapon discharges by officers or the number of citizens who are shot at and wounded by the police. We urge future researchers to investigate the impact of less-than-lethal weapons on firearm discharges, citizen woundings, and killings by the police. Required figures could be gathered through a survey of police departments.
In sum, problems associated with the measures of police killing rates and less-than-lethal weapons could detract from properly identifying the relationship between the availability of less-than-lethal weapons and police-citizen killings. For this reason, it cannot be concluded from this investigation that less-than-lethal weapons are not capable of significantly reducing policecitizen killings. To draw such a conclusion requires alternative data to those used here. As noted, such data would most likely have to come from a survey of police departments. However, until such investigations are conducted, the persistent negative findings reported above cannot be ignored. For the 1990 period, police-citizen killing rates for large U.S. urban areas do not appear to have been responsive to the availability of less-than-lethal weapons.
NOTES
1. Conventionally, a nonlethal weapon is one that cannot cause death regardless of how it is used or applied. A less than-lethal-weapon is one designed to have a minimal probability of causing death, but it can result in death if used inappropriately or under unusual circumstances (Hayeslip and Preszler 1993) .
2. One might speculate that the significant positive relationships between the availability of electrical devices and total and White-population-based police killing rates are a result of such weapons contributing to citizen deaths. This is doubtful. Some citizen deaths have resulted from the use of electrical devices, but such occurrences are rare (Sweetman 1987) . Further, when rates for total and White victims are formed on the basis of citizen arrests as the denominator, electrical devices are not significantly associated with rates. Nor are rates of justifiable homicide for Blacks significantly associated with the availability of electrical devices (however normed). It might also be argued that a higher level of police killings might prompt ·a greater distribution and use of electrical weapons. This too is doubtful. Why, for example, would a higher level of such killings only produce an increased demand/distribution for electrical and not other types of less-than-lethal weapons? Also, why would such a demand be evident only for total and White justifiable homicide rates based on population size as the denominator? Why would such a demand not hold for Black justifiable homicides, however defined? In short, it simply is not clear why selected justifiable homicide rates are positively and significantly associated with the availability of less-than-lethal electrical devices.
